An optimal excitation controller design based on multirate-output controllers (MROCs) having a multirate sampling mechanism with different sampling period in each measured output of the system is presented. The proposed H ∞ -control technique is applied to the discrete linear open-loop system model which represents a wind turbine generator supplying an infinite bus through a transmission line. The sough digital controller, which will lead to the associated designed discrete closed-loop power system model displaying enhanced dynamic stability characteristics, is accomplished by applying properly the presented MROCs technique.
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In the recent years H ∞ -control problem has great interest [1-5, 7, 8, 12-17] . The H ∞ -control problem for discrete-time and sampleddata single rate and multirate systems has been treated successfully [2] [3] [4] [5] [6] . In both the continuous and discrete-time cases, when the state vector is not available for feedback, the H ∞ -control problem is usually solved using dynamic measurement feedback approach.
For the solution of the H ∞ -disturbance attenuation problem a new technique [6] is presented. In order to solve the sampled-data, based on multirate-output controllers (MROCs), H ∞ -disturbance attenuation problem relies mainly on the reduction, under appropriate conditions, of the original H ∞ -disturbance attenuation problem, to an associated discrete H ∞ -control problem for which a fictitious static state feedback controller is to be designed, even though same state variables are not available for feedback.
In this paper discrete linear open-loop power system model was obtained through a systematic procedure, using a linearized continuous, with impulse disturbances, 8 th -order SIMO open-loop model representing a practical power system. The sough digital controller, which will lead to the associated designed discrete closed-loop power system model displaying enhanced dynamic stability characteristics, is accomplished by applying properly the presented MROCs technique.
Consider the controllable and observable continuous linear statespace system model of the general form
Where:
are the state, input, external disturbance, measured output and controlled output vectors, respectively. In Eqn. 1 all matrices have real elements and appropriate dimensions. 
where,
is stabilizable and observable and does not have invariant zeros on the unit circle.
From the above it fellows that the procedure for H ∞ -disturbance attenuation using MROCs, essentially consists in finding for the control law a fictitious state matrix F, which equivalently solves the problem and then, either determining the MROC pair (L γ , L u ) or choosing a desired L u and determining the L γ . As it has been shown in [3] , matrix F takes the form (8) where P is an appropriate solution of the Riccati equation 
..
Where, and is an arbitrary specified matrix.
In the case where L u = L u,sp , we have (12) where Ĥ [H Θ u Θ q ]=I and Σ∈R mxN* is arbitrary. The explicit expressions for Θ u and Θ q are given in [4, 6] .
The resulting closed-loop system matrix (Α cl/d ) takes the following general form (13) where cl = closed-loop, ol = open-loop and d = discrete.
Open and Closed Loop Model of Power System Under Study
In the present work the power system under study (shown in Figure 2) consists of a 1 MVA wind turbine generator [9] [10] , which was extrapolated from that of the 100kW unit for the NASALewis Research Center [11] , supplying an infinite bus through a transmission line (i.e. it refers to the plant of Figure 1 ).
The detailed equations characterizing the mechanical dynamics, generator and excitor systems and blade pitch controls, leading to the state space formulation, are taken from [9] . Its continuous description in the form of Eqn. 1 is as follows y c = x, E = I 8x8 , J 1 = 0 2x2 , J 2 = 0 8x8
The computed discrete linear open-loop power system model, based on the associated linearized continuous open-loop system model described in Appendix 2 of [9] , is given below in terms of its matrices with sampling period T 0 = 1.0 sec.
Based on Figure 1 , the H ∞ -control using MROCs (given in section 2), and the computed discrete linear open-loop model of the power system under study, and the discrete closed-loop power system model were designed considering with γ = 0.08 the f feedback gain computed as:
The numerical values of the matrices referring to the discrete closed-loop power system model of the above case are not included here due to space limitations.
The magnitude of the eigenvalues of the discrete original open-loop and of the designed closed-loop power system model are shown in Table 1 . By comparing the eigenvalues of the designed closed-loop power system model to those of the original open-loop power system model the resulting enhancement in dynamic system stability is judged as being remarkable. The responses of the output variables (δ, ω, E fd , E′ q , θ 1 , θ 2 , v 3 , and V R ) of the original open-loop and designed closed-loop power system model for zero initial conditions and unit step input disturbance are shown in Figure 3 and Figure 10 , respectively. 
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Conclusions
An efficient H ∞ -control technique based on multirate-output controllers has been presented in concise form for the purpose of attenuating in an effective manner system disturbances which otherwise degrade the performance of the synchronous generator. The method was applied successfully to a discrete open-loop power system model, which was computed from an original continuous linearized open-loop model of the practical power system, resulting in the design of an associated discrete closed-loop power system model. The results of the simulations performed on the discrete open-and closed-loop power system models demonstrated clearly the significant enhancement of the dynamic stability characteristics achieved by the designed closed-loop power system model. Thus the H ∞ -control technique used is an appropriate/reliable tool for the design of implementable multirate-output controllers.
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